Irrigated rice cultivation has long been associated with large amounts of water. Currently convectional rice production is faced with major challenges of water shortage as a result of increasing population sharing the same water resources, as well as global environmental changes. The System of Rice Intensification (SRI), as opposed to conventional rice production, involves alternate wetting and drying (AWD) of rice fields. The objective of this study was to determine the optimum drying days period of paddy fields that has a positive effect on rice yields and the corresponding water saving. The experimental design used was randomized complete block design (RCBD). Four treatments and the conventional rice irrigation method were used. The treatments were the dry days allowed after draining the paddy under SRI before flooding again. These were set as 0, 4, 8, 12 and 16 day-intervals. Yield parameters were monitored during the growth period of the crop where a number of tillers, panicles, panicle length and panicle filling were monitored. Amount of water utilized for crop growth for each treatment was measured. Average yield and corresponding water saving were determined for each treatment. The results obtained show that the 8 days drying period gave the highest yield of 7.13 tons/ha compared with the conventional method of growing rice which gave a yield of 4.87 tons/ha. This was an increase of 46.4% above the conventional method of growing rice. Water saving associated with this drying regime was 32.4%. This was taken as evidence that SRI improved yields with reduction in water use.
Introduction
Water is the most important component of sustainable rice production in traditional rice growing areas of the world. The traditional method of growing rice has been continuously flooded conditions during vegetative growth of the crop with draining of the water during grain ripening stage. This method of continuous flooding is practiced in all the rice growing schemes in Kenya. This is because it is believed rice is an aquatic plant or at least a hydrophilic one [1] . This method is associated with high water use because of the continuous flooding of rice paddies and it is occasioned by losses through seepage, percolation and evaporation. The quantity of irrigation water used for example in Mwea Irrigation Scheme (MIS) has positive but insignificant effect on rice output, probably implying overuse of water [2] .
With the decreasing availability of water for use in agriculture due to climate change and increased competition from other players like the industrial and urban sectors, water use in rice production systems has to be reduced in order to maintain production. At the same time, output per unit volume of irrigation water has to be increased so as to meet the increasing demand for rice in the world. There are various methods which have been used in reducing water use in rice production. One of the most tried methods is alternate wetting and drying (AWD) of rice paddy fields.
In a research done in lowland irrigated lands in Asia [3] , alternate submergence-non submerged systems reduced water use up to 15% without affecting yields when the shallow ground water stays within about 0 -30 cm. Another method of saving water use in rice production is saturated soil culture [4] . The soil is kept at around saturation part of or the entire growing season. But this resulted in lower yields than the traditional method of continuous flooding although the differences in yields were not statistically significant. It reduced the water input by 31% -58%.
But these conclusions cannot be generalized as the AWD irrigation methods adopted in given areas may not transfer to other areas because of difference in climatic, soil and topographic conditions. Therefore, there is a need for area specific research to come up with recommendations for the best regime for AWD suited for such areas.
The system of rice intensification (SRI) is an AWD method that has been tried in a number of countries in the world. It is a methodology for increasing the productivity of irrigated rice by changing the management of plants, soil, water and nutrients. It involves transplanting young seedlings (8 days old) and planting singly at a wider spacing (20 cm × 20 cm -40 cm × 40 cm). Compost is preferred for nutrients supply and the paddy is dried and wetted alternately. This method has been associated with water saving, because of alternate wetting and drying of rice paddies during the vegetative growth of the crop as opposed to the conventional continuous flooding. There are reported cases of increased yields in a number of countries where it has been tried [5] .
Methodology
This study was carried out at the Mwea Irrigation Agricultural Development (MIAD) research centre at Mwea Irrigation Scheme (MIS) in Wamumu sub-location, Kirinyaga County of Kenya. The experimental design used was randomized complete block design (RCBD). Four treatments under SRI and conventional rice irrigation methods were used in three blocks each with five plots. Plots used were of size 3 m × 3 m. The variety of rice planted was Basmati 370.
For SRI plots, seedlings raised in a nursery were transplanted singly after 8 days when 2 leaves had developed. Spacing used for the seedlings was 20 cm × 20 cm. For conventional rice irrigation, 21 days old seedlings were randomly transplanted with 3 -5 seedlings per hill at approximately 10 cm × 10 cm. After a week, when the SRI plots had dried, they were flooded to a depth of 3 cm and drained after two days. Flooding and draining of the plots was repeated for the four different treatments. The different treatments used were: flooding 4 days after draining (T1), flooding 8 days after draining (T2), flooding 12 days after draining (T3) and flooding 16 days after draining (T4). T5 was the control which comprised the conventional practice of growing rice in MIS which involves continuous flooding.
The parameters measured for each drying regime were the number of tillers, number of productive tillers (with panicles), length of panicles and percentage of grain filling. Yield for each drying regime was then determined. The yields were subjected to analysis of variance to determine their statistical significance.
In determining the water used for each treatment, the amount of water added and drained for each drying regime was measured using a 1 inch Parshall flume. This was installed at each plot inlet when adding water into the plot and at each plot outlet when draining the plot. The initial height of water at the inlet of the flume was recorded. Water was then allowed into the plot through the flume throat. Time taken to flood the plot to the 3 cm depth was recorded. Final height of water on the converging side was recorded at the end of the flooding process. This was repeated during draining where the initial height of water on the converging side of the Parshall flume and the final height after draining were recorded
The amount of water added into or drained out of each plot was calculated using the formula (Equation (1)):
where Q = Flow rate of water into or out of the plot (cubic feet/sec); C = Constant depending on the throat of the Parshall flume (0.338 for 1 inch throat used in the study); H = Average of initial and final height of water in the converging zone of flume (feet).
The difference between the flooded and drained water was the amount utilized in the plot for crop growth. The water utilized for each drying regime was then compared to that used in the conventional method of growing rice to determine the water saving.
Results
SRI on average produced more tillers and panicles (55 and 51 respectively) compared to the conventional method of growing rice (25 and 21) as shown in Figure 1 .
These were found to be statistically significant at 95% significance level. The calculated significance value (<0.001) for both cases is less than 0.05. This is shown in Table 1 and Table 2 .
The average panicle length was longer in SRI (25.4 cm) compared to the conventional method (22.6 cm) Figure 2 shows the variation of panicle length for conventional irrigation and SRI.
The differences in panicle length were found to be statistically significant at 95% confidence level. The calculated significance value (<0.001) is less than 0.05 as shown in Table 3 .
SRI recorded a higher average percentage of grain filling (81.5%) than conventional method (75.1%) as illustrated in Table 4 .
But the percentage grain filling is not statistically significant at 95% significance level. The calculated significance value (0.663) is more than 0.05. This is shown in Table 5 .
On average yields, the 8 days drying regime gave the highest yield of 7.13 tons/ha while conventional method yielded 4.87 tons/ha. This is an increase of 46.4% above conventional method of growing rice. This is shown in Table 6 .
The average yields are statistically significant at 95% significance level. The calculated significant value (0.001) is less than 0.05 ( Table 7) .
The 12 days drying regime yielded slightly less than the 8 days' drying regime although the difference was not statistically significant. A comparison between means of yields conducted showed the significance value for the test of the contrast (0.053) to be larger than 0.05 ( Table 8) .
The water saving realized for the 8 and the 12 days' drying regimes was 32% and 42% respectively as shown in Table 9 . Average water productivity per unit volume of water for rice yield under conventional rice production and SRI is 0.4 kg/m 3 and 0.84 kg/m 3 respectively.
Discussion
Productivity of rice is a function of many parameters. Among the parameters which influence the yields are the number of tillers produced, the number of panicles formed, panicle length and percentage grain filling. There is a significant effect on these parameters brought about by SRI. The difference between SRI and conventional method of growing rice is evident in the number of tillers per hill and the number of panicles formed. But the different drying regimes had different effects on the other yield parameters. This in turn affected the individual yields for the drying regimes. The better performance of the four, eight and twelve days drying regimes can be attributed to higher average number of tillers and panicles formed and longer average panicle length compared to the conventional irrigation method.
The number of tillers produced under SRI was more than those produced under conventional practice of growing rice. This is because the seedlings used in SRI were planted at an early age and tillers start developing as early as 14 days. The synergetic effect of young seedlings is seen in tiller formation, panicle length and percentage grain filling. These lead to higher yields [6] . Transplanting of young seedlings induces higher tiller production at an early stage. With increasing transplanting age of rice seedlings, emergence of tillers is delayed [7] .
Seedlings under SRI are transplanted singly and spaced widely as opposed to conventional method of growing rice where they were transplanted 3 -5 per hill at close spacing. This implied that there was no competition for nutrients between the seedlings under SRI. Wider spacing in SRI means that each plant had a wider area where it would draw it's nutrients from leading to more tillers, panicle length and number of filled grains [6] . This has a direct implication on the increased rice yield for SRI [8] .
Wetting and drying of rice paddies has the beneficial effect of enhancing root growth. The rewetting facilitates nitrogen mineralization and this is made available to the plant for growth [8] .
The main attracting attribute of SRI to farmers is what they will expect, in terms of yields, from adopting it. Generally SRI posted higher yields than conventional method of growing rice except for the sixteen days drying regime for the main crop. If water deficit is properly controlled especially during grain filling stage of rice, it enhances whole-plant senescence. This facilitates remobilization of carbon reserves, accelerate grain filling and increase grain yield [9] .
From the comparison between means of yields conducted, since there are no statistically significant difference in yield between the 8 and 12 days drying regime, the two drying regimes can be used for the study area. This helps to support the notion that rice is not an aquatic plant but can be considered hydrophilic [1] .
The lower yields in the 16 days drying regime for the main crop can be attributed to water stress suffered by the crop because of the prolonged drying period. Water stress imposed during the reproductive period can lead to reduced grain yield [10] . These moisture sensitive periods are flowering and head development stages [11] . Decrease in yield can be attributed to decrease in number of filled grains per panicle. This is manifested in the good average panicle length and low percentage grain filling. Conventional method performed marginally better than the 16 days drying regime because of presence of water during grain formation and filling.
Challenges facing rice production are to save on water use, increase water productivity and produce more rice with less water. The water saving associated with highest yields is 32.3%. This is for the eight days drying regime. Since the difference in yields between the eight and twelve days drying regimes are not statistically significant, the water saving for twelve drying days of 42.2% is also applicable.
The saving in irrigation water use under SRI is because of the remarked reduction in percolation, seepage and evaporation because of draining standing water from the plots. This saving should be sufficient reason for governments, international agencies and environmental organizations to promote the adoption of SRI [12] as water for agriculture use is becoming more and more limited.
Conclusion
The system of rice intensification is a rice production methodology that can be used by farmers to increase the water productivity in rice growing schemes. Drying of rice paddies for between 4 and 12 days under SRI has positive impacts on rice yields. This results in water saving of between 27% and 42%. This saving has an implication on increasing area under rice irrigation.
Recommendations
The system of rice intensification should be adopted in MIS as a means of increasing water productivity to address the diminishing water resources. A drying regime of eight days is ideal for MIS to help increase farmers' yield. But drying paddies for between 4 -12 days can improve rice yields. Further research should be done to determine the effect of spacing on rice production for the 8 and 12 days drying regimes. Also studies on direct seeding should be done to determine the effect on rice yield.
